Books

AHS Plant Propagation: The Fully Illustrated Plant-by-Plant Manual of Practical Techniques—Alan Toogood, ed. When should you harvest cuttings from a Dracaena? How do you divide pseudobulbs of sympodial orchids? Where should you look for hosta seeds? The 1,500 individual plant listings include answers to these questions, descriptions of general propagation techniques, and a plethora of graphics. Dorling Kindersley, 1999, 320 p., color photos/illus., hardcover, $34.95.

Air Apparent: How Meteorologists Learned to Map, Predict, and Dramatize Weather—Mark Monmonier. The collision of Monmonier’s map fascination and The Weather Channel results in this unique historical account of meteorological cartography. From hand-drawn estimations to computer-generated analyses, Monmonier surveys the ways in which the upper atmosphere has been charted and interpreted. In doing so, he describes the methods used to predict the weather and the technological feats crucial to responding to ever-changing conditions. U Ch Pr, 1999, 309 p., color plates/b&w photos/illus., hardcover, $27.50.

The Condor’s Shadow: The Loss and Recovery of Wildlife in America—David S. Wilcove. An ecologist for the Environmental Defense Fund, Wilcove regularly witnesses the defiling of ecosystems. Because he is among those who compile the statistics, he also is well equipped to interpret them. He does so admirably here. No other part of the world has been so swiftly and thoroughly tread upon by humans as the United States, making it Wilcove’s focus. From this perspective, Wilcove eloquently illustrates how individual species respond to the impact of humans and how some defy our wrath. He also reports that efforts to cleanse rivers and lakes and to reintroduce native species have met success. This status report on the North American ecological condition is an exhaustively researched, highly readable analysis. WH Freeman, 1999, 339 p., hardcover, $24.95. 

The History and Practice of Ancient Astronomy—James Evans. As if journeying back in time, Evans recaptures the prehistory of astronomy. The geometrical methods and philosophical principles of the ancient Greeks most responsible for revolutionizing the field dominate the text, which spans 3,000 years. Unique in describing not just the “what” but also the “how,” the book depicts ancient techniques and encourages the reader to try them. Evans explains how to build antiquated astronomical instruments such as a Greek sundial or an astrolab. Excerpts from ancient texts and reproductions of original renderings enhance this compendium. OUP, 1998, 480 p., illus., hardcover, $65.00.

Mission to Abisko: Stories and Myths in the Creation of Scientific “Truth”—John L. Casti and Anders Karlqvist. The result of a meeting between scientists and science fiction writers in the far-off Swedish village of Abisko, these essays attempt to answer this question: How do the stories that scientists tell each other and the public affect the way they do their science? John Barrow, Ian Stewart, Gregory Benford, and Greg Bear count among the contributors who postulate how a scientific worldview is formulated.  Perseus Bks, 1999, 194 p., hardcover, $25.00. 

The Prehistory of the Mind: The Cognitive Origins of Art, and Science—Steven Mithen. A proponent of the modular concept of the mind marries “cognitive archaeology” to evolutionary psychology. An archaeologist himself, Mithen uses his knowledge of the artifacts and remains of our prehistoric ancestors to infer the nature of prehistoric minds over the course of 6 million years. He makes assertions about the evolution of the mind, contrasting generalized and specialized mentalities along the way. Originally published in hardcover in 1996. Thames Hudson, 1999, 288 p., b&w illus., paperback, $17.95.

Strength in Numbers: Discovering the Joy and Power of Mathematics in Everyday Life—Sherman K. Stein. For those whose children want to know why they will ever need math—or those who have ever shared that sentiment—Stein is here to explain. Chapters outlining various occupations and the role of mathematics in each are sandwiched between chapters detailing how numbers are used, in marketing and other real-world applications. Originally published in hardcover in 1996. Wiley, 1999, 272 p., b&w illus., paperback, $16.95.

The Touchstone of Life: Molecular Information, Cell Communication, and the Foundations of Life—Werner R. Loewenstein. A biophysicist renown for his work in cell communication applies information theory to recent discoveries in molecular biology in order to relay how order and function arise from cellular processes. Loewenstein argues that it is “this information flow and not energy per se that is the prime mover of life.” These processes move in circles and become units of life, he writes. By tracing the cosmic origins of information over 15 billion years, he assesses how these circles came to be, what happens when they are altered, and what makes them unique. OUP, 1999, 366 p., b&w illus., hardcover, $30.00. 

Letters

Go slow on antiaddiction drugs

I encourage a “proceed with caution” approach to the clinical use of gamma vinyl-GABA (“Nicotine addiction curbed by new drug,” SN: 1/2/99, p. 11). I have been involved in the study, prevention, and treatment of addictions for nearly 20 years. 

An increased awareness of the genetic and neurobiological factors involved in the abuse (misuse) of, dependency on, and addiction to psychoactive drugs is the result of only the past 30 years of scientific research. These understandings are thus quite new and require much more research to better clarify our understanding and treatment of addiction.

Dan R. Gray

Gladstone, Mo.

Too hot to handle

You quote workers as saying that microbes are living “maybe at temperatures of 200šC or more” in the Pacific near the Juan de Fuca Ridge (“Life gets extreme in seafloor chimneys,” SN: 1/2/99, p. 15). 

Unless these microbes are constituted of something other than water, I find it very hard to credit this report because water boils at 100šC. Do we have any idea how life survives in water that hot?

Bill Bruehl

Setauket, N.Y.

Water boils at 100šC only at sea level air pressure. Deep in the ocean, water boils at a much higher temperature because the pressure is much greater.
—R. Monastersky

A cheater never tells

Kids quickly learn the “shortcut” method of doing exercises like 8 + 10 ­ 10 and 8 + 10 ­ 8 (“Math discoveries catch kids unawares,” SN: 1/2/99, p. 5), especially when given concentrated practice in problems of this type. But the kids tell the researchers that they use calculation rather than shortcuts. From this, the researchers apparently infer that children use such shortcuts without realizing it. In my experience, kids realize they’re using shortcuts but won’t admit it to an adult because they view such shortcuts as cheating.

Jamesine E. Friend

Shelby, N.C.

Truth as strange as fiction

As a person who grew up reading science fiction, I am not much surprised at what can be done with increased memory, speed, and sophisticated software (“Agents of cooperation,” SN: 1/2/99, p. 12). Perhaps the programmers and researchers working with the “mobile agents” should consider the precautions displayed by the scientists who installed Isaac Asimov’s Three Laws of Robotics in the positronic brains of their robots. 

The mobile agents also bring to mind a story by Harlan Ellison, “I Have No Mouth, and I Must Scream!”

Kaare B. Høst

Port Charlotte, Fla.

The dye is past

A “new” fabric-dyeing process (“Metal grains dye fabrics in muted hues,” SN: 1/2/99, p. 11)? Obviously, William Todd hasn’t heard of the concept of mordanting, the soaking of fibers in metal-ion solutions as a precursor to dyeing with natural dyes. Iron, copper, and aluminum salts have been used as mordants for centuries (in the case of iron, millennia).

Betty Creegan

Shiloh, Ill.

Eruptions Cleared Path for Dinosaurs

In a geologically brief catastrophe 200 million years ago, massive rivers of lava oozed out of fissures in the ground and paved over a continent-size swath of land, reports an international team of researchers. This eruptive outpouring—the largest known in Earth’s history—may have killed off much of the planet’s life and led to the coronation of the dinosaurs as rulers of the Jurassic period.

The volcanic crisis hit at the end of the Triassic period, when all of Earth’s continents huddled together in a single landmass called Pangaea. Within the short span of a few million years, black basalt erupted along the central spine of this supercontinent, eventually spreading over an area nearly the size of Australia. Soon thereafter, in the Jurassic period, the Atlantic Ocean opened up, ripping apart Pangaea and scattering these basaltic formations across four of today’s continents, according to Andrea Marzoli of the University of Geneva in Switzerland and his colleagues. 

“It’s something so extraordinary that it may have been a singular event in Earth’s history,” comments Willis Hames, a geochronologist at Auburn (Ala.) University who is studying some of these volcanic rocks in the U.S. Southeast.

Geologists have known for over a century about eruptions dating to the boundary of the Triassic and Jurassic periods. For example, New York City sits just across the Hudson River from a set of basaltic cliffs called the Palisades, which formed as part of this volcanic episode. Only recently, however, have researchers started to recognize the immense extent of the eruptions.

Marzoli and his colleagues dated a series of volcanic rocks from Brazil that scientists had not formerly considered part of the Triassic-Jurassic eruptions. They also recalibrated the previously reported ages of volcanic rocks from North America, Africa, and Europe to compare the entire set. The Brazilian basalt formed at precisely the same time as the basalt on the other continents, indicating that the eruptions covered 7 million square kilometers, the scientists report in the April 23 Science.

Much of the original rock from these eruptions has eroded away or been buried, making it hard for geologists to patch together the pieces. “The whole extent of this [volcanic] province has never been appreciated until now,” says Paul R. Renne of the Berkeley (Calif.) Geochronology Center, who led the work. 

The timing of the volcanic emissions has captured the attention of paleontologists because it appears to coincide with one of the largest known mass extinctions, when more than half of Earth’s species disappeared. Among the victims were the then-reigning carnivorous reptiles. Soon after their disappearance, meat-eating dinosaurs took over as the top predators.

The lava could have released so much carbon dioxide that it knocked the climate off kilter. Indeed, preliminary evidence suggests that carbon dioxide concentrations surged at the end of the Triassic. Plant fossils from this time have unusually few leaf pores, an adaptation to increases in carbon dioxide, says Jennifer C. McElwain of the University of Sheffield in England.

Geologists have yet to examine carefully whether the eruptions took place before the mass extinction. At some sites, the reverse seems to be true, suggesting that at least some of the eruptions postdated the die-offs, says paleontologist Paul Olsen of the Lamont-Doherty Earth Observatory in Palisades, N.Y. 
—R. Monastersky

Lava from giant eruptions (orange) created a crisis at the end of the Triassic period.

Self cells ease Parkinson’s in monkeys

When a portion of the brain fails to produce its normal yield of the message transmitter dopamine, Parkinson’s disease can result. A shortage of dopamine keeps brain cells from consistently firing messages to nerves that reach the muscles, resulting in the tremors and rigidity that characterize this condition.

Scientists report in the April Neuron that monkeys with Parkinson’s disease regained partial control of their movements and recouped fine motor skills after surgery that transplanted cells from another part of their body into their brain. 

The cells came from the carotid bodies, two tiny glands in the neck that sense when oxygen in the blood is running low. They respond by releasing dopamine and other substances that signal the brain to boost blood pressure, heart rate, and breathing. Because the glands produce dopamine prodigiously, they make good candidates for Parkinson’s disease repair, says coauthor José López-Barneo, a physiologist at the University of Seville in Spain. 

To test this novel source of cells, he and his colleagues gave two cynomolgus macaques a drug known to induce Parkinson’s disease. After 3 to 5 months, the researchers transferred cells from the monkeys’ carotid bodies to the putamen, an area of the brain damaged in Parkinson’s. Although they didn’t multiply, many of the carotid cells survived and produced dopamine. They also appeared to make growth-inducing chemicals that stirred brain cells into resuming dopamine production. 

Within a few weeks, the animals showed striking gains in their ability to do tasks, the scientists report. Postmortem examination of the monkeys’ brains, 3 or 5 months after the transplant, revealed that many brain cells had functioned throughout the experiment.

Research has shown that transplantation of human fetal brain cells or pig cells into Parkinson’s patients can produce some improvement. However, the recipient’s immune system often must be suppressed in these operations, and even so the grafted cells are sometimes rejected. Moreover, use of fetal tissue raises difficult ethical questions. Transplanting tissue from animals carries risks of cross-species viral infection.

These difficulties make self-transplants appealing. However, experiments that moved dopamine-making cells in patients from the adrenal glands to the brain have shown poor results because most of the cells died, says Paul R. Sanberg, a neuroscientist at the University of South Florida in Tampa.

More carotid body cells survived in the recent experiment on monkeys, López-Barneo says. The cells spring into action when oxygen is low, a trait that may make them better able to withstand the rigors of transplantation, he suggests.

The monkeys’ brains eventually harbored more cells producing dopamine than the researchers had put there, notes Greg A. Gerhardt, a neuroscientist at the University of Colorado Health Sciences Center in Denver. Thus, the apparent manufacture of growth factors by carotid body cells is “the diamond in the rough in this study,” he says.                —N. Seppa

Souping up and other tricks produce satiety

The body’s natural sensors aren’t very good at recognizing how many calories a person has just eaten. The fallibility of this satiety feedback system makes it easy to overindulge in calorie-rich foods, such as those high in fat. It may also allow the body to feel satisfied after eating less than its normal complement of calories, a pair of studies now finds.

The new research, reported this week at the Experimental Biology ‘99 meeting in Washington, D.C., hints at how cooks might discourage overeating by making each calorie more filling.

In the more provocative of their two new studies, Barbara J. Rolls and Elizabeth A. Bell of Pennsylvania State University in State College found that water can play different roles in satiety, depending on how it is consumed. 

On three separate occasions, they fed a 270-calorie appetizer of chicken-rice casserole to 24 lean young women and then measured how much lunch each ate afterward. When the women started with the casserole alone or along with a 10-ounce glass of water, they went on to eat another 300 calories of food, on average. However, when 10 oz. of water was added to the casserole—transforming it into a soup—each woman consumed just another 200 calories. 

Though the women ate about 27 percent fewer calories after the soup-based starter, “it didn’t leave them feeling hungrier later in the day,” Rolls notes. Each ate the same calories at dinner as she had in the other phases of the trial. 

What makes this differential effect especially striking, Rolls points out, is that when the women drank the water, they were instructed to down it along with the casserole. “They took a sip, then a bite, then a drink, then a bite. We wanted it to enter the stomach and be dispersed with [the casserole’s] nutrients the same way as with the soup.”

These data reinforce the idea that food and drink affect hunger and satiety systems “through entirely different mechanisms. And when the water is in soup, it’s no longer processed as a drink but as a food,” Rolls told Science News.

In a second, 5-week-long study, Rolls and Bell recruited 34 women to eat all their meals in the researchers’ laboratory for 4 days each week. In the first week, the women could dine on their choice of a wide range of foods. From then on, part of every meal—equivalent to about half the calories that each woman had eaten per meal during the first week—was compulsory. After finishing the mandatory foods, however, the women could eat all they wanted of other entrees and side dishes.

In this trial, the energy density—calories per given weight of food—of the compulsory foods varied from week to week. During 2 weeks, the compulsory items were low in fat, but for one of those weeks they were energy-dense. Another week included high-fat, energy-dense compulsory items.

In general, the women responded to portion size rather than energy density of food. They ate the same size portions each day, regardless of whether the compulsory portion had been low in calories or high. As a result, they took in far fewer calories during weeks in which the mandatory food was low in energy density.

“The American population continues to get more overweight with every national survey,” observes Susan B. Roberts of Tufts University who works at the Agriculture Department’s Human Nutrition Research Center on Aging in Boston. Currently, she notes, more than half of U.S. adults are overweight.

Since so many low-fat foods are actually very high in calories, she says, “it’s legitimate to begin switching our focus from dietary fat to caloric density.” However, “to make these calculations you practically have to be a professional,” she adds. She and Rolls both say food labels should begin listing caloric-density measurements. 
—J. Raloff 

Farmer ants have bacterial farmhands

A graduate student who once mused about funny-looking patches on ants has discovered that the insects have a microscopic partner species overlooked despite about a century of study.

Researchers have long known that the tribe of New World ants literally farms gardens of spongy fungus to feed themselves. Now it turns out that the ants get help from a mutualistic relationship with Streptomyces bacteria, report Cameron R. Currie of the University of Toronto and his colleagues.

Whitish patches of bacteria on the ants secrete antibiotics that target a major pest in their gardens, the researchers say in the April 22 Nature. This weed fungus, Escovopsis, can reduce an ant garden to brown ooze in just a few days.

More than 2,000 research papers have focused on the weed biology of ants and the food fungi they cultivate, Currie says (SN: 11/21/98, p. 334). Yet previous studies completely missed the bacteria and noted the weed fungus only as a rarity, not the widespread menace that it has proved to be. 

The new work “totally changes this textbook relationship from two to four players,” Currie points out. He says he wouldn’t be surprised if other classic mutualisms turn out to include overlooked microbes. 

Other scientists had noticed the bits of pale crust on the ants but dismissed them as an ant secretion. When Currie took a fresh look, he realized the patches were alive. The research team identified them as Streptomyces, the same genus that has yielded many antibiotic drugs. Extracts from the patches did nothing to most fungi tested but slammed Escovopsis.

The Streptomyces bacteria turned up on all 22 species of fungus growers that Currie checked. This survey covered 8 of the fungal-farming 12 genera, from just-the-basics farmers to leaf cutters that snip up foliage to feed their fungi. 

All 74 young ant queens that Currie examined carried bacterial helpers as they set off to start their own fungus farms in new nests. Males, which don’t farm, did not sport bacteria.

The Escovopsis fungus seems to prey only on ant gardens, Currie says, and he found it in many of the colonies he examined. “It’s an ancient coevolutionary arms race,” he says. Countering the weed is an alliance of ants, their food fungus, and bacterial helpers.

    Ted Schultz of the Smithsonian Institution in Washington, D.C., welcomes the new work as “a spectacular paper” raising many new questions about the bacteria and the weed. “It opens up a whole lot of neat ecology,” Schultz says.

Ulrich G. Mueller of the University of Maryland in College Park comments, “What’s interesting from an evolutionary perspective is that once again the ants hit on something before we did.” Ants beat humans in developing agriculture by some 50 million years. Now, he says, it looks as if the same ants came in ahead on bacterial antibiotics by millions of years.                              —S. Milius

Whitish patches of bacteria on the underside of an Acromyrmex ant secrete a natural weed killer.

African fossils flesh out humanity’s past

Scientists have announced the discovery of 2.5-million-year-old fossils in East Africa belonging to a new species in the human evolutionary family. The evolutionary status of the species, dubbed Australopithecus garhi, remains unclear, although it may represent an ancestor of the Homo lineage, to which modern humans belong.

The same 2.5-million-year-old sediment that yielded these fossils contains animal bones bearing the earliest known traces of butchery, reports a team headed by anthropologist Berhane Asfaw of the Rift Valley Research Service in Addis Ababa, Ethiopia. Either A. garhi or an as yet unknown but related species of that time used stone tools to remove meat and marrow from antelope and wild horse carcasses, the scientists assert.

 The find signals an early shift to meat and marrow consumption for obtaining the energy needed to support long-range migrations of human ancestors, Asfaw and his coworkers contend in the April 23 Science.

“The development of stone-tool technology allowed for this dietary revolution,” says team member Tim D. White of the University of California, Berkeley. “This is the earliest evidence of a key adaptation that let our ancestors spread beyond Africa.”

A meager fossil record exists for human ancestors that lived from 3 million to 2 million years ago. Attempts to reconstruct their evolutionary relationships and pinpoint the roots of the Homo genus routinely trigger scientific disputes (see story, p. 267).

The new discoveries come from a site in Ethiopia’s Middle Awash research area, where three desert valleys intersect. Beginning in 1996, team members found limb and skull fossils in soil located next to what was once an ancient lake. 

The remains show novel combinations of anatomical traits, inspiring the species’ designation as A. garhi. The word “garhi” means “surprise” in the language of Ethiopia’s Afar people.

The new species possesses much larger teeth than Australopithecus afarensis, the species best known for the specimen called Lucy. A. afarensis lived in East Africa from 4 million to 3 million years ago. Much like A. afarensis, A. garhi’s face projects forward and its small braincase features a crest. 

Lower-body fossils from the Ethiopian site include a long, apelike forearm and a relatively long upper leg similar to that of later human ancestors. These finds have not been firmly assigned to the same species as the skull remains.

Analyses of volcanic ash just below the finds, bones of extinct animals found near them, and remnants of Earth’s magnetic signal trapped in soil layers at the site independently confirm the fossils’ age.

Numerous bones of antelope and wild horses dating to the same time as A. garhi exhibit incisions made by stone tools during meat removal as well as breakage attributed to marrow extraction. Stone tools previously found at a nearby 2.5-million-year-old site were also probably used to extract marrow, the researchers suggest (SN: 4/15/95, p. 237).

Anthropologist Daniel E. Lieberman of George Washington University in Washington, D.C., calls the new finds “exciting,” but he cautions that “it’s still anybody’s guess” as to the position of A. garhi in the human evolutionary family.  
—B. Bower 

Reconstructed skull of 2.5-million-year-old Ethiopian species, Australopithecus garhi.

Nutritionists debate soy’s health benefits

The simple soybean is turning into one of nutrition’s biggest puzzles.

Scores of presentations at the Experimental Biology ‘99 meeting this week in Washington, D.C., examined the relationship between soy products and cancer. In almost all cases, the researchers agree, soy seems to be a cancer fighter. However, a soybean component that has been touted for its health benefits is not living up to expectations. For postmenopausal women, the story may be even more complicated.

Reaffirming soy’s potential health value, several studies at the conference reported that diets rich in the legume protect rats against colon cancer, breast cancer, and prostate cancer. Moreover, men who ate 39 grams of soy protein each day for 1 year had fewer colon cells in the process of dividing than did men who didn’t eat soy, reports Deepa Thiagarajan of Michigan State University in East Lansing. With fewer cells proliferating, the men stand a better chance of avoiding colon cancer, she says.

Soy compounds called isoflavones mimic the hormone estrogen. These soy constituents might disrupt hormone-dependent cancers, such as many prostate and breast cancers, scientists have reasoned (SN: 10/11/97, p. 230). 

More than 100 companies sell supplement pills or foods fortified with genistein, one of the most hyped isoflavones, says nutrition consultant and author Mark Messina of Port Townsend, Wash. 

In one new study, genistein slowed the growth of human prostate tumors grafted into rats, reports Jin-Rong Zhou of Beth Israel Deaconess Medical Center in Boston.

However, unlike complete soy, genistein alone does not protect mice from breast cancer, says Ruth S. MacDonald of the University of Missouri-Columbia. Even more troubling, Maurice R. Bennink of Michigan State University finds that adult rats fed genistin, which is metabolized into genistein, are more likely to develop colon cancer than those fed standard diets.

The contradictory results may reflect genistein’s malleable role in the body, says Martin J. Ronis of the Arkansas Children’s Nutrition Center in Little Rock. It can serve as either an estrogen or an antiestrogen, depending on how much natural estrogen is circulating, he suggests.

In a rat study designed to mimic the hormone balance in postmenopausal women, genistein promoted cancers that need estrogen, Clinton D. Allred of the University of Illinois at Urbana-Champaign reports. Fifty to 60 percent of all breast cancers are estrogen-dependent. In the study, researchers removed the rats’ ovaries and implanted human breast cancer cells under the skin. When the rats received estrogen supplements, the tumors grew. Tumors in rats given genistein but not estrogen also grew, but less dramatically. Without estrogen or genistein, the tumors shrank. 

Timing may explain some conflicting genistein results, says Bill Helferich, also of the University of Illinois. Soy fed to animals early in life protects them against many kinds of cancer, he says. At that stage, soy may affect how cells differentiate. Later on, however, in the absence of other estrogens, genistein or other soy components could stimulate cancer-cell proliferation.

No one knows if genistein or soy helps estrogen-dependent tumors grow in postmenopausal women, Helferich says.

As for whether people should take genistein supplements, most researchers recommend eating soy foods instead, a practice endorsed by the Food and Drug Administration as a way to reduce cholesterol. 

“If you’re eating soy or soy flour, that’s fine,” Bennink says. “I wouldn’t take pills.”

David Heber of the University of California, Los Angeles agrees, “Food is not just a vehicle for delivering genistin.” 
—L. Helmuth

Do supernovas generate gamma-ray bursts?

Astronomers searching for the remnants of the explosions that spawn gamma-ray bursts have a problem. They don’t know what they’re looking for.

Last week, however, researchers reported progress in their quest to find the remains of bursts, the short-lived but most energetic events in the universe.

Q. Daniel Wang of Northwestern University in Evanston, Ill., made his discovery while examining two expanding shells of gas in the galaxy M101. Astronomers have assumed these to be the remnants of separate stellar explosions called supernovas. During a supernova, a massive star ejects its outer layers and a shock wave sweeps up the material along with surrounding gas and dust. Although powerful, supernovas have been thought to have too little energy to create a gamma-ray burst.

Analyzing the visible-light and X-ray emissions from the two remnants in M101, Wang found that each has 10 to 30 times more energy than a supernova remnant would typically carry. He suggests that both remnants represent material left over from the much more energetic outbursts called hypernovas.

According to theorists, a hypernova arises when a massive star collapses under its own weight to become a black hole. That catastrophic collapse could generate a gamma-ray burst (SN: 5/23/98, p. 326).

Wang says that his observations, presented at a meeting of the American Astronomical Society in Charleston, S.C., represent the first identification of a hypernova remnant. 

However, “there is no clear signature that would tell you this is a gamma-ray burst remnant and not something else,” comments Abraham Loeb of the Harvard-Smithsonian Center for Astrophysics in Cambridge, Mass.

In a paper posted on the Internet, Loeb and his Harvard-Smithsonian colleagues suggest ways to search for the remnants of gamma-ray bursts (http://xxx.lanl.gov/

abs/astro-ph/9904181). One clue could be oppositely directed jets of ionized gas—if the bursts are highly focused like a searchlight, as scientists have recently speculated. 

Evidence of such jets has led Renyue Cen of Princeton University to argue that supernova 1987A, the nearest supernova to Earth since 1604, may have produced a gamma-ray burst. No one saw the burst because it pointed away from our line of sight, Cen suggests in a paper on the Internet (http://xxx.lanl.

gov/abs/astro-ph/9904147). 

He bases his proposal on a new analysis of images taken a month after astronomers witnessed the explosion 12 years ago. At that time, Peter Nisenson and Costas Papaliolios now of Harvard-Smithsonian and their colleagues found a mysterious bright spot next to the supernova. 

Using a new computer algorithm, Nisenson and Papaliolios confirm the existence of this spot and also find signs of a second spot on the other side of the remnant (http://xxx.lanl.gov/

abs/astro-ph/9904109). The two spots could indicate that 1987A spewed oppositely directed jets of material in addition to generating a bubble-shaped remnant, Cen says.

If these jets prove to be evidence of gamma-ray bursts, then supernovas may be capable of generating the most energetic phenomenon in the cosmos. Because supernovas are far more common residents of the celestial zoo than are hypernovas, this suggests gamma-ray bursts may erupt relatively frequently.  

“It’s far too early to tell whether this is correct or not,” says theorist Bohdan Paczynski of Princeton University, “but it’s very tantalizing.”                —R. Cowen 

Two expanding blobs of gas (left top and bottom) in the galaxy M101 (right) may be remnants of energetic explosions capable of producing gamma-ray bursts. Red dots indicate sites of strong X-ray emissions.

Superplastic metals stretch to a new low

When heated to the right temperature, some metals can be drawn out like a string of taffy. Scientists have now found that this behavior, known as superplasticity, can occur at temperatures hundreds of degrees lower than expected.

This is good news for manufacturers, such as car makers, interested in making strong, lightweight parts from these stretchy metals. Superplastic metals can be molded almost like plastics themselves.

“You can make very complex shapes without machining,” says Amiya K. Mukherjee of the University of California, Davis. He and his colleagues at Davis and the Ufa State Aviation Technical University in Russia report their findings in the April 22 Nature.

The key to achieving superplasticity at low temperatures lies in a material’s atomic structure. The researchers tested thumbnail-size samples of three metals: pure nickel, nickel aluminide, and a commercial aluminum alloy. They processed the metals by repeatedly twisting them under high pressure, breaking their internal structures into grains only a few nanometers in size.

The pure nickel ended up with a grain size of 20 nm, showing superplasticity between 280°C and 350°C, a little over one-third of its melting temperature. This result “contradicts the current opinion that a temperature of at least [half] of the absolute melting temperature is required for superplastic flow,” says Terence G. Langdon of the University of Southern California in Los Angeles. The two alloys likewise became superplastic at lower than expected temperatures.

In a solid with a grain size of 20 nm, almost 30 percent of the atoms take on a noncrystalline structure, says Mukherjee. They lie along the edges of the grains, where “the chemical and physical properties are very different,” he notes. “These atoms move and diffuse very fast” to fill in gaps opened by stretching. The process keeps the material from breaking, leading to superplasticity.

Only recently have materials scientists been able to make metals with such fine grains. Commercially available superplastic metals have grains at least 100 times as large.

Processing superplastic metals at lower temperatures means lower energy costs and less wear on tools. The time and expense of current commercial techniques for making superplastics have limited their use to special applications such as complex airplane parts and turbine engines. 

“There is considerable interest in expanding the technology into a much wider industrial field—for example, the automotive industry,” says Langdon. Automakers such as Lamborghini already make parts from superplastic metals, which is “OK for a $150,000 car, but not for a $20,000 one,” he observes.

In addition to cost savings, such nanostructured metals provide exceptional strength at ambient temperature, says Mukherjee. These materials can be used to make strong but lightweight biomedical gear such as prosthetics or braces.

“This is opening a new, exciting window in the very active field of superplasticity research,” says David C. Dunand of Northwestern University in Evanston, Ill. 
—C. Wu

Well-Done Research

New recipes for making seriously browned meats less of a cancer risk

By JANET RALOFF

Since a 1993 food-poisoning outbreak in the western United States killed four people who had eaten restaurant hamburgers tainted with bacteria, federal regulators have been on a crusade to make sure everyone cooks meat thoroughly. 

The effort seems to have had an impact. Over the past few years, the number of people who choose to eat meat that is not thoroughly browned, inside and out, has been falling—at least when it comes to burgers and other ground meats, which are especially vulnerable to contamination.

This focus on food-poisoning risks, however, requires cooks to walk a fine line. They must make sure that meat is cooked well enough to destroy bacterial hazards but not so much that it forms compounds that can increase cancer risk. 

While many cooks judge heating time by a meat’s color, it proves an unreliable guide for doneness. Katherine Ralston of the Department of Agriculture cites recent research showing that meat frozen prior to cooking appears brown before it’s hot enough to kill bacteria. Moreover, an acidic meat product like sausage can remain pink at germ-killing temperatures.

The chemistry of the carcinogens produced by grilling, which are known as heterocyclic amines (HCAs), is even trickier. A brief searing over a hot flame, for instance, can encase a burger or steak with a black, crispy crust without introducing any HCAs. Meanwhile, an uncharred steak that had been cooked longer at a lower temperature might be heavily laced with the carcinogens. Fat content can also affect HCA formation, with leaner meats tending to be more vulnerable.

Even if cooks know how to grill meats safely, a brief interruption can sabotage their effort. A phone call may beckon just when the burgers need flipping. The crucial last steps of a side dish may coincide with the meat’s final stages of cooking. In the minutes it takes to deal with these distractions, a burger can go from well-cooked to overdone, rife with HCAs.

Unfortunately, there’s no easy way to gauge whether those carcinogens have formed without sending the food to a lab specializing in HCA assays.

Short of turning vegetarian, what precautions can a diner take? 

Researchers are investigating diverse approaches to quashing HCAs. Some laboratories are trying out a variety of preparation styles for meat, such as adorning the main course with sauces or marinades and using the microwave to precook meat for grilling. Other scientists are considering potential benefits for grilled-meat eaters of ale or beer chasers. The results of these experiments should prove welcome news to people who savor or, for whatever reason, favor well-done meats.

One novel solution for inhibiting HCAs: Add fruit to meat. Over the past few years, food scientist J. Ian Gray and his research team at Michigan State University in East Lansing have isolated a number of antioxidants from tart cherries (SN: 4/17/99, p. 247). These cherry pigments constitute “the most effective antioxidant [for meats] that I have ever seen,” Gray says. 

Because antioxidants can suppress HCA formation, Gray’s team investigated the tart cherries’ ability to keep HCAs out of burgers. Substituting ground cherries for 11.5 percent of the meat in hamburger reduced the formation of PhIP, the principal heterocyclic amine that forms when this meat cooks. The cherry burger had about 10 percent of the amount of PhIP in a pure grilled hamburger. 

The treated meat has a subtle tartness and “a really mild cherry flavor that doesn’t detract from the keynotes of the hamburger,” Gray says. However, what people are most likely to notice, he says, is that “the meat is more succulent than you would expect from a hamburger.” 

Diners may also notice an improved flavor in leftovers of meat mixed with cherries. Cooking ordinarily kick-starts oxidation of a meat’s fat and cholesterol, which within minutes initiates a process that leads to rancidity. These chemical changes not only diminish taste but may pose a health risk (SN: 5/4/85, p. 278). Though refrigeration or freezing can slow oxidative rancidity, neither stops it. 

Cherries’ antioxidants are so effective, however, that after 4 days of refrigeration, the meat’s fatty constituents suffered only 50 to 65 percent as much oxidation as fruitfree burgers did, Gray reports. His team described its findings in the December 1998 Journal of Agricultural and Food Chemistry.

The researchers began the work in response to prodding by Michigan butcher Ray Pleva, who had spent 11 years developing a line of cherry-laced meats. Although Pleva initially incorporated the fruit into his products to boost the market for a local commodity (see sidebar, p. 264), cherry growers had related anecdotes conferring medicinal powers on the fruit.

Good as cherries are, Gray says, there is nothing magical about their chemistry. Because many tree fruits produce similar pigmented antioxidants, he suspects that a home cook could grind up a couple of tart plums, maybe even a bunch of grapes, and mix them into ground meat to achieve similar results. 

Other studies by Gray’s group have turned up another nutritious HCA inhibitor that won’t affect taste—vitamin E. 

In preliminary tests, the team recently demonstrated that adding vitamin E to meats before cooking reduces HCA formation almost as much as cherries do. Treating a pound of ground beef, he notes, could be as simple as mixing in the contents of a 40 milligram vitamin E capsule.

Marinades can also shut down HCA production in meat, according to James S. Felton and Mark G. Knize of Lawrence Livermore (Calif.) National Laboratory (LLNL). For instance, they bathe chicken overnight in a heavily sugared oil-and-vinegar sauce. When the poultry finally is popped over a sizzling fire, it develops less than one-tenth as much PhIP as unmarinated chicken does. 

However, Felton notes, “as levels of PhIP go down, methyl IQx [MeIQx] goes up.” The latter is another carcinogenic HCA. 

“The reason we think this happens,” he says, “is that the sugar in the marinade is a catalyst for the reaction that makes MeIQx.” Because PhIP is initially present in far larger quantities than MeIQx, even if the marinade leads to a doubling in MeIQx, “you still will have cut overall exposure to these HCAs,” he says.

At the University of Hawaii’s Cancer Research Center in Honolulu, Pratibha V. Nerurkar and her colleagues have just completed preliminary tests with three other marinades. Soaking steak overnight in a standard teriyaki sauce or a turmeric-garlic marinade cut the formation of both PhIP and MeIQx during grilling. Depending on the cooking time, those reductions ranged from 40 to 65 percent.

The big surprise, Nerurkar says, was the effect of barbecue sauce. Upon grilling, steaks marinated in this tomato-based sauce developed two to three times more PhIP and three to four times more MeIQx than unmarinated steaks did.

Neither Felton’s nor Nerurkar’s research team has deconstructed its marinades and tested each ingredient individually to identify which provide the bulk of the HCA inhibition. By contrast, John H. Weisburger, an organic chemist and director emeritus of the American Health Foundation in Valhalla, N.Y., knows exactly why his own meat sauce works. He concocted the recipe with ingredients known to short-circuit the chemistry behind the carcinogens’ formation.

HCAs develop in heat-driven reactions between the amino acid creatinine and the sugar-based chemicals that give cooked meats their classic, and tasty, browned exterior. In 1988, Weisburger coauthored a paper that described how to shut down HCA production by tying up the creatinine through its binding to either of two other amino acids—L-tryptophan or L-proline.

Though he patented the amino acid combo as the basis of an HCA-inhibiting steak sauce 5 years ago, he only began seriously exploring the prospects of marketing “Weisburger’s meat sauce” last month.

If marinades and fruit sauces are unappealing additions to the menu, there remains the simplest HCA treatment: precooking meat in the microwave. 

Studies by Felton’s group show that microwaving ground-meat patties for 2 minutes before grilling them can cut HCA in the finished burgers to 10 percent of the amount in grilled burgers that were not precooked. The microwave heating drives off a good deal of liquid, the data indicate, which removes many of the HCAs’ raw ingredients.

Perhaps the most intriguing findings come from a series of new Japanese studies on the potency of various libations in defusing HCAs’ harmful effects. 

Several years ago, Sakae Arimoto-Kobayashi of Okayama University and her colleagues found that some of the pigments in Monascus fungi prevent genetic mutations. Because these fungi are used to make red sake, a fermented-rice drink, and because the fungi’s polyphenolic pigments resemble some found in beer, Arimoto-Kobayashi’s team decided to explore the effects of such beverages on HCAs.

Bacteria incubated with several HCAs tend to develop the type of mutations often used to gauge cancer risk. However, when dilute concentrations of beer, sake, or brandy were added to the microbial communities, HCAs were able to induce few such mutations, according to a report of the work in the January Journal of Agricultural and Food Chemistry.

Stout ale proved 10 times more potent than lager at inhibiting mutations due to the HCA known as Trp-P-2. Though sake, brandy, and white wine also inhibited DNA damage from this HCA, they were only about half as protective as lager—yet 10 times as effective as whisky. Nonalcoholic beer showed no effect. 

When Arimoto-Kobayashi’s team fed Trp-P-2 to mice, the chemical bound to the DNA in their livers, forming a structure known as an adduct. Adduct formation can be a first step on the path to many cancers. 

However, when the researchers laced the animals’ diet with some polyphenols that had been extracted from beer, adduct formation dropped dramatically. 

The researchers conclude that alcoholic beverages such as beer may protect against some HCAs. However, in the tests using bacteria, even the best-acting beers offered no shield against the most prevalent HCAs produced in meat, such as PhIP and MeIQx. 

What all of these studies do indicate, Gray maintains, “is that there are a lot of things you can do in your home to counteract HCAs.” Not only would most of these treatments cost little, but some actually make foods tastier and more nutritious. 
n

Meat and cherries—a healthy marriage

Having grown up in a small orchard, Cindy Pleva has always loved tart cherries. When she was 18 years old, the Michigan native became national cherry queen. Meeting with many growers, she learned that demand for the fruits of their labors was falling. 

Sitting at the dinner table one night, she asked her dad if there wasn’t something he could do to help her constituency. A butcher for 32 years, he began mulling over the request.

A few months later, Ray Pleva offered up one idea at a local cherry festival in Traverse City. His cherry-pecan pork sausages sold like hotcakes and went on, later that spring, to grab top honors at a national new-foods exhibition in Chicago.

That was 11 years ago, and Ray Pleva has been mixing cherries into meat ever since. He’s added the fruit to ground beef, buffalo, and turkey. He’s developed cherry-laced chili, smoked sausage, bratwurst, meatballs, pork-sausage patties, and pizza toppings. His products are on school menus in 17 states, he says proudly, and are being distributed to retail stores in the Midwest, California, and Washington State. 

Pleva promotes these products as being especially juicy, rich in fiber, and lower in fat—and sometimes sodium—than their fruitfree counterparts. Nationwide, he notes, sales of his patented cherried meats “will hit close to 5 million pounds this year.”

And that projection doesn’t take into account any boost in consumer enthusiasm in response to cherries’ anticancer potential.                                              —J.R.

How weighty is this cancer risk?

Diners who see red when their meat and poultry isn’t thoroughly browned and seasoned with a hint of char might scoff at the notion that their taste preference jeopardizes their health. A growing body of data suggests, however, that well-done meat, rife with heterocyclic amines (HCAs), poses a substantial, preventable cancer threat. 

In rat studies used to model human disease, these meaty compounds have proven “a surefire cancer risk,” notes John H. Weisburger of the American Health Foundation in Valhalla, N.Y. “In my lab, we saw them [induce cancer] in both the colon and breast,” he says. Researchers elsewhere have found evidence that these chemicals may also foster malignancies in the prostate, stomach, and pancreas.

Human data on HCA risks have just begun to emerge. For instance, women who routinely eat very well-done meat—with a crispy, blackened crust—face quintuple the breast-cancer risk of women who consume their meat rare or medium, according to a study last year by scientists at the National Cancer Institute (NCI) in Bethesda, Md., and two midwestern universities (SN: 11/28/98, p. 341).

Toxicologist Kenneth W. Turteltaub at Lawrence Livermore (Calif.) National Laboratory is part of an international team that has begun trials with patients to explore HCAs’ relationship to colon cancer. 

The researchers started with methyl IQx (MeIQx). After tagging this HCA with radioactive carbon, they packaged a small quantity into capsules—each containing an amount equal to that found in five well-done hamburgers. A physician then administered one capsule to each of five British patients a few hours before surgery for the removal of colon tumors. 

Samples of the cancer and surrounding tissue, excised during surgery, showed that the capsule’s MeIQx had been activated into a form that binds to DNA, creating a potentially carcinogenic aberration known as an adduct. 

Adducts were detected in both the cancerous and healthy colon tissue of the study participants. These adducts were chemically identical to those found in MeIQx-treated animals that went on to develop colon cancer. In fact, the only thing that distinguished the surgery patients’ response to the HCA from that of the animals, Turteltaub told Science News, is that for a given dose the patients made more of the adducts.

As such, “humans may possibly be at greater relative risk [from HCAs] than predicted from rodent-tumor studies,” his team suggests in the Feb. 9 International Journal of Cancer,

In a follow-up test, another HCA, called PhIP, was given to seven U.S. patients 2 or 3 days before colon-cancer surgery. Each got a capsule containing an amount of PhIP equal to what has been measured in 6 to 10 ounces of well-done chicken or beef. As in the earlier trial, adducts of the ingested carcinogen showed up in the colon tissue. 

“There is no doubt” that if HCA exposures are high enough, they can cause human cancer, concludes Elizabeth G. Snyderwine of NCI. What makes Turteltaub’s data so important, she says, “is that they show there is a potential for human risk from exposures to very low levels”—ones easily encountered in the U.S. diet.   —J.R. 

Ray Pleva displays a sampling of his cherry-laced meats.

Cooking hamburgers safely can be tricky. Though grilling will kill microbes on the surface of ground meat, it can leave live bacteria inside—unless the meat is well done. Yet the extra time or higher heat needed to ensure that the inside is fully cooked can produce toxic HCAs.

Anthropology

Robust about-face

In the human evolutionary family, the so-called robust australopithecines claim the dubious honor of possessing the weirdest-looking heads. Their massive jaws extend up to about eye level. Hefty, peglike teeth at the back of their mouths give way to much smaller ones in front. A small brain case topped by a bony crest resembles an explorer’s helmet perched perilously above a colossal set of choppers.

Researchers usually view the robust australopithecines as a dead-end lineage comprising three species—one in South Africa and two in East Africa—that lived between 2.7 million and 1.3 million years ago. Using a statistical method for organizing species according to recently evolved anatomical features they share, some anthropologists place robust australopithecines into its own genus, Paranthropus. 

This evolutionary scenario probably is misleading, contends Melanie A. McCollum of Case Western Reserve University in Cleveland. Most facial traits of robust australopithecines arose as developmental by-products of their unusual set of teeth, she proposes. The anthropologists’ statistical method, called cladistics, generates valid evolutionary insights only when it’s used to compare anatomical traits that have developed independently of one another, McCollum says.

Her case rests on developmental biology data documenting primate skull changes that occur during growth of the brain, the nasal airway, and the mouth.

Two anatomical traits that robust australopithecines required to accommodate their unusual tooth proportions probably triggered the formation of many skull features used in cladistic studies, McCollum holds. First, the large cheek teeth required support from swaths of lower-jaw bone running up each side of the face, which became longer and thicker in these hominids. This development also instigated a thickening of the mouth’s roof and more oral remodeling.

Second, these bone and tooth expansions created an extension of part of the nasal septum, which completely separated the nasal and oral cavities. This resulted in nasal structures pushing up and oral structures spreading down, thus sparking many more anatomical changes, McCollum maintains.

Variations in the shape of their huge cheek teeth also suggest that southern and eastern robust australopithecines evolved separately, a possibility that clashes with the cladistic findings, McCollum argues in the April 9 Science. 

The new report underscores the need to confirm the developmental independence of anatomic traits used in cladistics, comments Tim D. White of the University of California, Berkeley. “Robust australopithecines provide a good example of how cladistics can be misleading,” White asserts. 
—B.B.

Redrawing the human line

Despite criticisms that statistical comparisons of anatomical features, known as cladistic analyses, have a propensity to mislead, Bernard Wood of George Washington University in Washington, D.C., still sees value in them. In the April 2 Science, he and Mark Collard of University College London reanalyze several cladistic studies and conclude that the two fossil species called Homo habilis and Homo rudolfensis do not in fact belong to the genus Homo. For now, they regard both species—each dated at around 2 million years old—as australopithecines, a genus that includes the 3.2-million-year-old  partial skeleton from East Africa known as Lucy.

Wood says that anatomical similarities once taken as support for placing fossil species in the same genus may instead provide insight into independent evolution of those species in a common environment. That still represents a useful application, he argues, although “there’s probably more noise than [evolutionary] signal in our cladistic data.” 
—B.B.

Biology

A second living-fossil species?

Two research teams have found evidence that the Indonesian coelacanth reported last year is a new species.

One group bases its claim on mitochondrial DNA and morphology. The newly discovered fish is distinct from, but closely related to, the only other known coelacanth, say Laurent Pouyaud of Jakarta’s branch of the French Scientific Research Institute for Development and his Indonesian coauthors. 

Their formal description of the new species and its name, Latimeria menadoensis, appear in the April Comptes Rendus de l’Academie des Sciences.

The other research team includes Mark V. Erdmann of the University of California, Berkeley. He had spotted, but not purchased, one of the living fossils in a market on his honeymoon and then chased rumors for months before fishermen brought him another specimen (SN: 9/26/98, p. 196). He later donated the specimen to the Indonesians who worked with Pouyaud. His team’s analysis of the fish agrees with that of Pouyaud’s group: Genetically, the coelacanth seems to be a new species.

Saying that when he donated the fish he had expected the Indonesians to do any naming, Erdmann protests Pouyaud’s publication of a name. “The fish is now Latimeria menadoensis Pouyaud et al.,” he laments. Responding for Pouyaud, his colleague Patrice Levang argues that “the Indonesians were the rightful owners of the fish,” and they could work with whomever they wished. 
—S.M.

Long-sought migration trigger stinks

A molecule in the distinctive perfume of fish could be one of the triggers for a mysterious daily migration in lakes.

Water fleas, among other tiny aquatic creatures, swim to the protective dimness of lower depths during the day. At night, when fish retire, Daphnia hyalina venture back up to warmer water, where growth and reproduction are easier. The triggers for this migration, or for just about any other so-called inducible defense, have long eluded scientists.

The water fleas’ cue may include trimethylamine (TMA), an element of fish odor, report Hinnerk Boriss and his colleagues at the Max Planck Institute for Limnology in Plön, Germany. In the April 1 Nature, they describe water fleas clustering lower in the laboratory tubes holding water with greater concentrations of TMA. 

Stanley I. Dodson of the University of Wisconsin-Madison calls the paper “important.” Once the molecular alerts are identified, he says, “we will be able to design elegant experiments” on chemical communications in water. 
—S.M. 

Nuptial balloons: Size doesn’t matter

The biggest balloon is not the one that gets the girl, at least among dance flies. That’s the conclusion of the first analysis of the shiny saliva orbs that the males clutch as courtship gifts, report Jennifer A. Sadowski of the University of Kentucky in Lexington and her colleagues. They describe the nuptial balloons of Empis snoddyi in the March Behavioral Ecology and Sociobiology.

Males hold balloons a few millimeters in diameter between their rear legs as they swarm in the early morning. “It’s like little points of light,” notes coauthor Allen J. Moore of the National Science Foundation in Arlington, Va. The gift presented to the female “looks nice, but there’s nothing of value,” he says. 

Flies of some related species offer nutritious gifts instead. “Females prefer a male with a big dead insect to a male with a small dead insect,” Moore explains.

After monitoring wild swarms of dance flies, Sadowski reports that the shiny gifts of E. snoddyi don’t follow the pattern of big dead insects. The bigger male may win, but a bigger balloon doesn’t help. Moore speculates that too much empty glitter proves unwieldy when males fight. 
—S.M.

Beyond Vancomycin

Understanding an antibiotic of 

last resort may lead to new weapons against deadly bacteria

By CORINNA WU

For years, doctors counted on the antibiotic vancomycin to wipe out infections caused by Staphylococcus aureus, a dangerous bacterium that had developed resistance to every other drug. Their confidence was shattered 3 years ago when a month-long treatment with vancomycin failed to cure a 4-month-old boy in Japan who had acquired an S. aureus infection after heart surgery. Only a combination of drugs finally subdued the infection (SN: 6/7/97, p. 348).

More recently, stubborn forms of S. aureus popped up close to home. Researchers in the United States described three cases of vancomycin-resistant S. aureus in the Feb. 18 New England Journal of Medicine (NEJM). The patients—from New York, Michigan, and New Jersey—were being treated in the hospital for various ailments, including kidney failure. In two of the patients, the S. aureus infection was eradicated, but all three died nevertheless (SN: 3/13/99, p. 175). 

The discovery of these strains has sent chills up the spines of public health officials. For a long time, vancomycin has held back the floodwaters of epidemics caused by microbes. Infections with S. aureus and enterococcus, a group of gut bacteria, often occur in hospital patients after surgery but had always yielded to treatment with vancomycin. However, vancomycin-resistant strains of enterococcus that appeared in 1983 and now resistant S. aureus signal that bacteria have poked holes in the dam.

Without new weapons to kill these resistant strains, the prognosis for public health is dire. “If they don’t come up with new drugs, people won’t have elective surgery because it will be too dangerous,” predicts Daniel Kahne, a chemist at Princeton University.

Understanding how vancomycin works and how bacteria defeat the drug has led to novel ways to improve its power. With their new knowledge, researchers hope to find even more strategies to stay one step ahead of these lethal bugs.

Ironically, killing bacteria with drugs is what creates the problem of resistance in the first place. In 1942, the very same year that the most commonly used form of penicillin was developed, strains of S. aureus were found to be resistant to it. 

“Bacteria have an innate ability to develop resistance,” says Marissa Miller, a program officer at the National Institute of Allergy and Infectious Diseases in Bethesda, Md. Any population of bacteria naturally harbors a range of genetic variations that influence resistance to antibiotics. Microorganisms susceptible to an antibiotic succumb, but the hardier ones survive and multiply, passing on their resistance to subsequent generations. 

Excessive use of antibiotics has worsened the problem. The Centers for Disease Control and Prevention in Atlanta estimates that half of the 100 million courses of antibiotics prescribed by doctors each year are unnecessary. These drugs are useless against the common cold and other viral infections, but patients often pressure doctors to prescribe them. For example, a survey published in the February Pediatrics found that 96 percent of pediatricians polled had been asked by parents to prescribe antibiotics during the previous month. 

The livestock industry, too, contributes to the trouble. It often gives antibiotics to animals in low doses to promote growth. These doses, not high enough to kill all the bacteria present, enhance the development of resistance, says Miller. 

Although vancomycin is not carelessly prescribed for patients or used in livestock, the increasing resistance to more common antibiotics requires doctors to turn to their antibiotic of last resort more and more often. 

Limiting unnecessary antibiotic use can help stem the tide, but doctors still need more tools to fight the resistant strains that will inevitably crop up. In the 1980s and early 1990s, however, research into new antibiotics lay dormant.

“Drug companies were not that interested because we thought we had plenty of great antibiotics,” Kahne explains.

The incidence of vancomycin-resistant enterococci has jumped from less than 1 percent to about 15 percent in the past dozen years, says Christopher T. Walsh of the Harvard Medical School in Boston. “There’s the worry that genes will hop from enterococcus to Staph. aureus, which is much more virulent.” Such a transfer has occurred in test-tube experiments. 

So far, S. aureus isolated from patients has only shown an intermediate-level  resistance to vancomycin, meaning that most infections can still be halted with a moderately increased dose of the drug.

Vancomycin works by interfering with the way bacteria build their cell walls. By grabbing onto the ends of cell wall components known as peptidoglycans, the antibiotic prevents them from linking together and thus weakens the wall’s structure. 

In resistant strains of enterococci, however, the ends of the peptidoglycans have changed, reducing vancomycin’s ability to bind. Instead of terminating with a unit made of two copies of the amino acid alanine, the resistant peptidoglycans end with an alanine and a molecular group called lactate. These modified molecules are only one-thousandth as sensitive to vancomycin as the more common ones, Walsh says. 

He and his colleagues found that a group of five genes is necessary for these changes. Two genes make proteins that detect vancomycin and turn on the other three genes. Those three genes code for enzymes that “reprogram the cell wall” by providing the new peptidoglycan end segment, Walsh says. “If you find ways to block any of the three enzymes, then you could reverse the behavior.” Researchers are now trying to find molecules that can do just that. 

Even though vancomycin has been available for 40 years, researchers only recently found ways to make it from scratch. Pharmaceutical companies have been making the compound commercially by isolating it from a fungus that produces the drug naturally.

Vancomycin is a cup-shaped molecule consisting of two sugars attached to a larger complex of amino acids known as the aglycon. In October 1998, a team led by K.C. Nicolaou of the Scripps Research Institute in La Jolla, Calif., and another led by David A. Evans of Harvard University reported that they had succeeded in assembling the aglycon, which is made up of seven amino acids joined together in linked rings.

The Scripps team then successfully attached the sugars, completing the synthesis. The researchers reported their results in the Jan. 15 Angewandte Chemie International Edition. 

Understanding how to assemble the structure “is a prelude to gaining the ability to construct our own molecules,” says Nicolaou. By changing key parts of vancomycin, researchers might be able to create more effective versions of the drug.

Most of this work focuses on replacing the sugars, since they appear to be important to the drug’s activity. Scientists at Eli Lilly have already modified the sugars on mold-produced vancomycin and are testing a variant in people. So far, their new antibiotic has shown greatly enhanced activity against vancomycin-resistant enterococci infections.

Still, “it wasn’t obvious why these carbohydrate derivatives of vancomycin would have such good activity, especially given the mechanism that Walsh worked out,” says Kahne. Now, he and his colleagues, working with a group from Merck Research Laboratories in Rahway, N.J., have found a possible answer. 

When the researchers damaged the aglycon portion of the vancomycin derivative, rendering it unable to bind, the altered molecule still killed bacteria effectively. That result focused their attention on the role played by the two sugars, known as the disaccharide. Kahne and his coworkers synthesized the disaccharide and tested it alone against resistant bacteria. They found that it worked 10 times better than ordinary vancomycin.

It now appears that vancomycin kills bacteria two different ways. While the aglycon portion binds to peptidoglycans, the sugars interfere with cell wall synthesis via a second pathway. In the April 16 Science, the researchers suggest that the sugars inhibit enzymes called transglycosylases, which help connect the cell wall components together. 

These results “suggest new targets to kill resistant organisms that may not have been considered before,” Kahne says. 

Although changing the sugars on vancomycin is a grueling, 10-step process, it’s still easier than trying to modify the aglycon to make it bind to a new molecule, Kahne says. Combinatorial chemical methods that substitute many different variations of the sugars onto the aglycon might yield promising candidate antibiotics. Nicolaou, Kahne, and others are avidly pursuing this approach. 

The resistance mechanism of S. aureus remains unknown since only a few examples have turned up. The discovery of these persistent strains troubles doctors, though, because 95 percent of S. aureus strains already resist beta-lactam methicillin. This variation of penicillin was widely used after the bacteria developed resistance to several other antibiotics in the early 1960s.

In one of the cases described in NEJM, Alexander Tomasz of the Rockefeller University in New York and his colleagues observed that S. aureus developed intermediate-level vancomycin resistance in their patient while he was being treated with the drug. They had administered it for 6 weeks, taking samples of the bacteria at the beginning of the therapy and 5 weeks after it stopped. Only the final S. aureus sample showed resistance to vancomycin.

Disturbingly, the cells taken from the earlier samples easily developed resistance when grown in the test tube. With time, larger doses of vancomycin were required to kill them.

Tomasz and his group, however, did report some good news. A combination of vancomycin and a second antibiotic, oxacillin, killed even the most resistant S. aureus in their laboratory tests. If that therapy could work in a patient, it would be a reasonable way to treat these infections, the researchers say.

“Has the nightmare arrived? Not yet,” says Walsh. However, the clinical cases recently observed and the danger of genes hopping from enterococci to S. aureus fuel an urgent need to beef up the arsenal of antibiotics, he says.

The only way to circumvent this cruel cycle, Miller says, is to develop vaccines or novel therapies (see sidebar) that treat infections without invoking the resistance associated with antibiotics.

For each new antibiotic that researchers have invented with the investment of much time, money, and effort, bacteria have quickly developed means to survive it. Dealing with antibiotic resistance recalls the punishment of Sisyphus, who was condemned to push a boulder up a hill only to have it roll down again.  
n

Weakening a bacterium’s punch

If the bacterium Staphylococcus aureus had a motto, it would probably be: “What doesn’t kill me only makes me stronger.” Thus, instead of trying to destroy S. aureus outright, perhaps blocking the mechanisms that make it so deadly could better combat infections. Richard P. Novick of the New York University Medical Center, Tom W. Muir of the Rockefeller University in New York, and their colleagues are exploring this strategy. 

S. aureus releases toxins that attack white blood cells and degrade tissues, producing pus-filled abscesses on the skin or in internal organs. The infection can worsen to toxic shock syndrome. Several years ago, Novick’s group found a set of genes that regulates the system responsible for triggering the toxin release. 

When the scientists introduced mutations into these crucial genes, they created bacteria only one-hundredth as virulent as the original ones, says Novick. “They still cause infection, but you need more.”

Investigating further, the researchers focused on a peptide, produced by two genes in the set, that binds to a receptor on the bacterium’s surface. Various strains of S. aureus produce different versions of this peptide, with lengths ranging from seven to nine amino acids. However, they all share one characteristic: Each has a cysteine amino acid in the same spot near its end.

The sulfur atom in cysteine often links parts of molecules, so the researchers hypothesized that the cysteine joins to the end of the peptide, forming a ring with a tail. It was a daring suggestion because “such a structure has never been seen in a bioactive molecule,” Muir says.

 By synthesizing molecules similar to the peptide and testing how well they bind to the receptor, Muir and Novick’s group confirmed their novel idea. Linear molecules didn’t activate the receptor. Ring-shaped molecules with an oxygen or nitrogen replacing the sulfur didn’t work, either. The team reported its findings in the Feb. 16 Proceedings of the National Academy of Sciences. 

Only the peptide specific to a particular strain of S. aureus will switch on its receptor, but the peptides from other strains can switch it off. “If you can harness this inhibition,” Muir suggests, “you have a strategy to inhibit virulence.” 

In preliminary tests, the researchers injected a synthetic peptide corresponding to one strain of S. aureus into mice infected with a different strain. The peptide dramatically reduced abscesses on the backs of the mice—shrinking them almost to the small size observed when virulence genes in S. aureus have been completely deleted. 

Other scientists have proposed that blocking the virulence mechanism could avoid the resistance problem, but Novick “isn’t sure about that.” Nevertheless, he thinks that such a strategy could enhance an antibiotic’s  effectiveness. 

The bacteria produce only tiny amounts of these potent peptides, so it’s almost impossible to isolate them in quantities large enough to study, says Muir. Without the chemical synthesis methods developed by Muir, Novick says, “we’re nowhere.”                      —C.W.

Computer models of vancomycin’s three-dimensional structure help scientists examine how the drug binds to components of a bacterial cell wall. 

Biomedicine

From Philadelphia, at the annual meeting of the American Association for Cancer Research

Drug combination slows colon cancer

Aspirin and other nonsteroidal anti-inflammatory drugs can retard the development of colorectal cancer. The medications appear to promote programmed cell death, a process that works against the runaway cell growth that is the hallmark of tumors. Two recent studies of patients have hinted that combining the drugs with cholesterol-lowering medication might enhance this effect.

A study of rats now confirms that suggestion. Researchers exposed 48 rats to chemicals that cause precancerous growths, then they divided the animals into four equal groups. One group received sulindac, a drug similar to aspirin, and a second got lovastatin, a cholesterol-lowering drug. The third group was given both drugs, and the fourth received no medication.

The sulindac group showed precancerous growth only 85 percent as extensive as in the rats with no medication, the lovastatin group 88 percent as much, and the rats treated with the combination 72 percent as much, says Banke Agarwal of St. Luke’s-Roosevelt Hospital Center in New York. “The combination was highly potent,” he says.

Both lovastatin and anti-inflammatory drugs are already used to guard against heart attacks and strokes. However, many anti-inflammatories can cause ulcers. Agarwal suggests that some of the anti-inflammatory medication might be replaced with cholesterol-reducing drugs. 
—N.S.

Antioxidants may limit key mutations

People with head and neck cancer who have been taking antioxidant vitamins regularly are less likely to have mutations in the cancer suppressor gene known as p53, a new study finds. 

Cancer patients with impaired p53 “appear to have lower survival [rates] and poorer response to chemotherapy,” says Bruce Trock of Georgetown University Medical Center in Washington, D.C., who presented the findings. Trock and his colleagues examined 135 patients, average age 56, and found that those who had been taking vitamin A, C, or E supplements had only one-fourth the mutation rates in p53 as those patients with no history of using these vitamins. All-purpose multivitamins that have low antioxidant content showed no protection against p53 mutation, says Trock.

Head and neck cancer includes tumors of the mouth, throat, and larynx, which are usually associated with smoking or alcohol use. Four-fifths of the cancer patients had been tobacco smokers. Patients who had smoked less than 30 years and used antioxidant vitamins regularly had p53 mutation rates one-twentieth of that seen in smokers who hadn’t taken these supplements. This p53 difference persisted after Trock accounted for confounding factors such as weight and lifestyle.

Trock says that it is premature to recommend popping vitamins to prevent cancer. The study “is a tantalizing bit of evidence that needs to be followed up,” he says. 
—N.S. 

Tomato compound fights cancer

Lycopene, the chemical that makes tomatoes red, appears to shrink prostate tumors, researchers report.

An earlier study had suggested that tomato consumption might prevent some cancers. To test the theory, scientists gave lycopene extract to 21 prostate-cancer patients for 3 weeks before surgery. Twelve others didn’t receive supplemental lycopene. 

After surgery to remove the cancerous prostate glands in these men, the researchers found that the tumors were smaller and the cancer had spread less in the patients getting lycopene, says Omer Kucuk, an oncologist at Barbara Ann Karmanos Cancer Institute in Detroit. 

The findings suggest that lycopene may someday “play a role in the treatment [of prostate cancer], either alone or as an adjunct to other types of treatment,” Kucuk says. 
—N.S.

Earth Science
Nuclear-monitoring system passes test

A global surveillance system set up to detect clandestine nuclear blasts performed well in an impromptu test, according to a team of British seismologists. 

As part of the Comprehensive Test Ban Treaty, adopted in 1996, cooperating nations have linked up more than 140 seismic stations to form the International Monitoring System (IMS). On Aug. 22, 1998, 10 of these stations picked up vibrations emanating from a site in Kazakhstan where the former Soviet Union conducted nuclear tests. 

The seismic waves recorded at these stations looked highly suspicious, report scientists from the Atomic Weapons Establishment (AWE) in Brimpton, England. The Kazakh event had the strength of a magnitude 3.8 earthquake, but the vibrations did not resemble earthquake waves, says AWE’s Alan Douglas.

The stations recorded seismic waves that had passed through the planet but no waves that had rippled along the surface. This pattern is more typical of explosions than quakes, the scientists report in the April 8 Nature. What’s more, the seismic recordings indicate that the waves originated from a point extremely close to the surface, again consistent with an explosion.

That’s what it was, in fact. On Aug. 22, engineers from Kazakhstan and the United States set off a small nonnuclear blast to close off tunnels at the test site. The yield of the explosion equaled a 200-ton nuclear shot, says Douglas. 

The goal for IMS is to have at least three stations picking up vibrations from events down to magnitude 4.0 (SN: 5/11/96, p. 298). The system should be able to pinpoint these to within a 1,000 km2 area, about the size of a circle with a radius of 18 km. In the Kazakh case, IMS picked up a smaller event and located it to within 12 km of the actual site. 

Douglas and his colleagues note that this test case is artificial because they knew about the blast before it happened. It shows, nonetheless, that IMS can alert scientists to irregular vibrations, even from quite small explosions.
—R.M. 

Disappearing ice down south

The glacial shelves surrounding the Antarctic Peninsula lost large chunks of ice last year—an area roughly equal to the size of Rhode Island—accelerating a decades-long trend caused by increasing temperatures in the region.

The peninsula reaches out like an arm toward the tip of South America. Along its coast, glaciers flow into the ocean and form thick floating sheets, called ice shelves. Since the 1950s, several of the smaller ice shelves have disintegrated, and now larger shelves are starting to retreat.

Satellite images show that the Larsen B Ice Shelf shrank by 1,700 square kilometers during the past Antarctic summer, which runs from December through March. Recent analysis of satellite images taken on the other side of the peninsula has revealed that the Wilkins Ice Shelf lost 1,100 km2 during the early part of 1998, according to Ted Scambos of the University of Colorado’s National Snow and Ice Data Center in Boulder. 

Although the loss of ice represents a significant change, some researchers are surprised that so much shelf area remains. A team of scientists last year predicted that the entire Larsen B shelf would rapidly disintegrate once its front edge retreated behind a theoretical line of stability—an event that happened in February 1998 (SN: 5/9/98, p. 303). “We’re slightly surprised it hasn’t collapsed entirely already,” says David Vaughan of the British Antarctic Survey in Cambridge. 

With winter now returning to the Antarctic, researchers expect no more ice loss until the next southern summer, when they will watch closely to see if Larsen B splinters. The collapse of ice shelves does not alter global sea level because these sheets are already floating in the ocean. 
—R.M.

